SUMMARY -The primary aim of this single center retrospective study was to evaluate difficult mask ventilation (DMV) and difficult laryngoscopy (DL) in a unique group of obese patients. A total of 427 adult patients with body mass index (BMI) ≥25 and surgically treated for endometrial cancer from 2011 to 2014 were assessed. Additional increase in BMI, comorbidities, bedside screening tests for risk factors, and the tools used to manage the patients were noted and their effects on DMV and/or DL investigated. Every escalation in the number of risk factors increased the probability of DMV 2.2-fold, DL 1.8-fold and DMV+DL 3.0-fold. Among bedside tests, limited neck movement (LNM), short neck (SN) and absence of teeth were significant for DMV (p<0.05), LNM, SN and obstructive sleep apnea for DL (p<0.05), and LNM and SN for DMV+DL (p<0.05). However, a 10-point increase of BMI was not an independent risk factor when patients with BMI >25% were considered. In conclusion, LNM and SN are independent risk factors for developing DMV and/or DL in obese endometrial cancer patients, while BMI increase over 30 was not additionally affecting difficult airway.
Introduction
Obesity is excessive accumulation of adipose tissue in the body and is often classified according to the body mass index (BMI) as follows: BMI ≥30 kg/m 2 as obese, BMI ≥40 kg/m 2 as morbidly obese, and BMI ≥50 kg/m 2 as super-obese 1,2 . The incidence of obesity has been dramatically increasing all over the world and approximately 13% of the world adult population were obese in 2014 2 . Currently, anesthesiologists are progressively faced with care for obese patients. Obesity is known as an independent risk factor for the combination of difficult mask ventilation (DMV) with difficult laryngoscopy (DL) 3 . Moreover, it has been accepted as a predictor for DMV, supraglottic device placement failure, and difficult emergency surgical airway 4 . Endometrial cancer is the most common gynecologic cancer and obesity is one of the most important risk factors 5 . Furthermore, these patients present to the hospital with obesity-driven comorbidities, such as diabetes mellitus type 2, hypertension, heart disease, and pulmonary disease 5, 6 . So, the anesthetic management of those patients may remain challenging. While there are many reports comparing the anesthetic complications between obese and lean patients [3] [4] [5] [6] [7] [8] , there is no report whether further increase in BMI has additional implication, and which bedside screening test is more meaningful for predicting DMV and DL when only obese group is considered. The aim of this study was to evaluate DMV and DL in this unique group of adult obese patients with endometrial cancer. The importance of bedside screening tests for risk factors, additional increase in BMI, and the effect of comorbidities for difficult airway management were examined.
Material and Methods
This single center retrospective study evaluated adult patients surgically treated for endometrial cancer from January 2011 to December 2014. After institutional reviewer board's approval [Baskent University Institutional Review Board (Project no: KA15/11)], a total of 600 files of patients operated for endometrial cancer were reviewed and only those patients with BMI ≥25 (N=427) were included in the study. These patients were further subdivided into overweight (≥25>30), obese (≥30>40), morbidly obese (≥40>50) and super-obese (≥50) groups.
Patient files and electronic hospital database were evaluated to identify patient demographic aspects and comorbid conditions ( , absence of teeth, limited mouth opening (<3 cm), limited neck movement and short neck, presence of dentures, and presence of obstructive sleep apnea (OSA) 3, 7 was collected from the routine standard form filled in by the anesthesiologists during preoperative visit and during induction of anesthesia. As our standard records also include reliable information concerning induction of anesthesia and mask ventilation difficulty rated by staff anesthesiologist in a standardized manner, we were able to classify patients into three separate groups with respect to difficulty in airway management as follows: DMV (Han's mask ventilation classification grade 3 or 4 mask ventilation) 10 ; DL (grade 3 or 4 laryngoscopic view or ≥4 intubation attempts) 11 ; and DMV combined with DL. The techniques and tools (bougie, guide wire, laryngeal mask airway [LMA]) used to manage patients with difficult airway were noted. There was no missing report in these groups of patients.
Statistical analysis
Descriptive statistics was identified as means and standard deviations. Mann-Whitney U test was used to compare the groups for normal and non-normal variable distribution. The relationship between two categorical variables was determined by χ 2 -test. Multivariate logistic regression analysis was used to evaluate risk factors for DMV and DL. First, univariate analyses were performed to select candidate variables for logistic model. To get significant odds ratios for logistic model, type-I error rate was taken as α=0.05. The level of statistical significance was set at p<0. 
Results
A total of 427 consecutive adult patients, mean age 57.93±11.78 years, were evaluated. The mean BMI value was 35.7±6.15 kg/m 2 and the distribution was as follows: overweight 18 (4.2%); obese 320 (74.9%); morbidly obese 74 (17.3%); and super-obese 15 (3.6%). There were 140 patients with DMV, 123 with DL, and 61 with DMV in combination with DL. The univariate analysis of demographic aspects and comorbidity risk factors recorded in the patients are shown in Table 1. Statistical analysis revealed that weight, BMI, ASA score, presence of HT and HL were significant for DMV, DL, and DMV with DL. The presence of DM was significant only for DMV (Table 1) . On the other hand, smoking and presence of goiter showed no correlation with DMV, DL, or both (p>0.05, data not presented in Table 1 ).
Concerning bedside screening tests for risk factors and the auxiliary tools used to manage difficult airway, the univariate analysis revealed that Mallampati scores III and IV, limited neck movement and short neck were significantly associated with DMV, DL and DMV+DL, whereas the presence of sleep apnea was correlated with DMV+DL (Table 2) . Guide wire was the most frequently used auxiliary tool to manage difficult airway in patients with DL, and DMV in combination with DL (p<0.001) in our institution during the study period ( Table 2) .
The impact of risk factors in these groups is summarized in Table 3 as the result of multivariate analy-
Difficult airway management in obesity Fisher exact test ASA = American Society of Anesthesiologists classification; BMI = body mass index; CAD = coronary artery disease; DM = diabetes mellitus; DMV = difficult mask ventilation; DL = difficult laryngoscopy; HT = hypertension; HL = hyperlipidemia sis. Every ten-point increase in BMI was not found to be an independent risk factor when patients with BMI >25% were considered. However, when all the analyzed factors including BMI were sorted, we found that every escalation in the number of risk factors increased the probability of DMV 2. 
Discussion
This study aimed to analyze the difficult airway conditions in a group of obese adult patients with endometrial cancer and to identify the risk factors for difficult airway management in such a group of patients. Obesity is a well known but alone not sensitive enough predictor of airway management. When we examined whether further increase in BMI had additional implication when only obese group was considered, we found no statistical significance of increasing BMI in the high BMI group (Table 3) for difficult airway management. When we examined which bedside screening test was more meaningful for predicting DMV and DL, LNM and SN were found to be the most important major risk factors for DMV, DL, and DMV in combination with DL.
In our cohort, the incidence of DMV, DL, and DMV in combination with DL was higher than those reported in the literature 3, 12 . This might be because of the lack of standard criteria to describe DMV and/or DL 3, 12 , as well as for the selected patient cohort being composed of endometrial cancer patients with a mean age of 57.93±11.78 years and mean BMI value We were unable to identify the effect of BMI on difficult airway. Recent studies have demonstrated that a BMI of more than 30 kg/m 2 is an independent risk factor for DMV in combination with DL 3 . In addition, age (≥46 years), male gender, limited thyromental distance, Mallampati class III or IV, presence of beard, OSA, presence of teeth, unstable cervical spine-limited neck extension, limited jaw protrusion, thick neck, neck radiation and limited mouth opening were also shown to be predictors of DMV in combination with DL 3 . Age (>55 years), BMI (>26 kg/m 2 ), lack of teeth, history of snoring, male gender, presence of beard and Mallampati class IV are reported to be predictors of DMV [12] [13] [14] . In a cohort of 91332 patients, Lundstrom et al. found that Mallampati class III or IV, male gender, age, surgical priority, previous difficult intubation, no relaxation with neuromuscular blocking agent and BMI (25≤BMI<35 and ≥35 kg/ m 2 ) were predictors of difficult intubation 15 . Literature reports have suggested the use of bougie introducer, flexible fiberoptic bronchoscope, video laryngoscope and LMA as rescue techniques in the management of challenging airway situations 3 . In the present study, the main tools to manage difficult airway were guide wire and bougie. LMA was used in a limited number of cases and no other tools/instruments were utilized. As this was a retrospective study covering 5 years and there was no video laryngoscopy at our hospital during the study period, there was no attempt to mention video laryngoscopy for study patients.
There were several limitations to the current study. The retrospective nature of data analysis limited establishment of causal relationship for the associations. Our data come from a single center and results are based only on female gender, as well as on a specific type of disease that has both advantages and disadvantages, the latter especially limiting generalization of the results obtained. On the other hand, disease specific registries offer an opportunity to analyze a substantially larger number of patients and condi-A. Ayhan et al.
Difficult airway management in obesity tions. The reason for not having identified the effect of the degree of obesity on difficult airway management may be the unstable distribution of patients in our cohort. This limitation could restrict accessible parameters for uniformity and statistical evaluation. There are many reports examining airway conditions in adult obese patients, however, our report is unique for being the first that was solely focused on endometrial cancer patients. In conclusion, this study demonstrated that LNM and SN appeared to be the major risk factors for developing DMV and/or DL in endometrial cancer patients. Although all our patients were obese, the present study failed to identify the correlation between the increase in BMI and difficult airway management. Further studies are needed to demonstrate such a relation for better understanding of the role of obesity on this challenging clinical entity.
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